Objective: Road traffic accidents (RTAs) are the first cause of abdominopelvic injuries (APIs). The objective of this study was to describe the characteristics and severity of APIs due to traffic accidents in a large French trauma registry and to identify risk factors for API. Methods: All victims from the French Rhône registry of victims of RTAs were analyzed from 1996 to 2013. This registry contained data that were issued over a 20-year period from 245 medical departments, from prehospital care until re-adaptation, and forensic medicine departments. All APIs, defined as an injury between the diaphragm and the pelvic bone, were extracted and studied. Results: Among 162,695 victims, 10,165 had an API (6.7%). Accidents frequently involved young men and 2 cars. Mean Injury Severity Score (ISS) was 8.7. Mortality rate was 5.6%. Soft tissue injuries largely predominated (n = 6,388; 54.4% of patients). Overall, 2,322 victims had a pelvic bone injury. Internal abdominal organs were involved in 2,425 patients; the most frequent were the spleen, liver, and kidney. Wearing of the seat belt appeared to be a significant protective factor in API, including serious injuries. A partial analysis over the past 2 years among the most severe patients hospitalized in the intensive care unit indicated that nonoperative management was carried out in two thirds of the wounded. In uni-or multivariate analysis, sex, age, type of user, antagonist, time of occurrence, associated severe lesions, or wearing of the seat belt were statistically associated with the occurrence of API, highlighting a more dangerous user profile. Conclusions: Abdominopelvic injuries concern a minority of road traffic injuries, but they are responsible for significant mortality. Large solid organs are the most frequently affected. Women drivers wearing a seat belt and driving in town during the day appear to be more protected against API.
Introduction
Road traffic accidents (RTAs) are still the first cause of abdominopelvic injuries (APIs; Moore 2011; Smith et al. 2005) . They are responsible for important mortality, which makes them a public health problem Tournier et al. 2014) . Few series in the literature have attempted to describe the epidemiology of APIs, particularly related to RTAs (Cheynel et al. 2011; Haddad et al. 2015; Helmi et al. 2001) .
For more than 20 years, the Rhone Registry of Victims from Road Traffic Accidents (Registre des Victimes d' Accidents de la Route du Rhône = ReVARRhône) has been collecting exhaustive data from all medical facilities in the French Rhone department on victims of RTAs (Gadegbeku et al. 2010) .
The objective of this study was to describe the frequency and characteristics of abdominopelvic trauma from this registry and to study the risk factors among several available variables.
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Methods

Overview of the Rhône Registry
The Rhone Registry, certified by the French National Committee of Registries, is a unique model in Europe; since 1995 it has been collecting data pertaining to the victims of road traffic accidents (Gadegbeku et al. 2010) . It is part of the French Institute of Transport, Development and Road Network Science and Technology (Institut Français des Sciences et Technologies des Transports, de l' Aménagement et des Réseaux, IFSTTAR). Its function is to perform the continuous recording of all physically injured victims due to RTAs involving at least one moving vehicle (including skates and skateboards) and occurring in the geographic area of the Rhône department, with a population of 1,779,845 inhabitants (2013 data). The majority of the victims were residents of the department.
The collection is based on 245 public and private health facilities dealing with trauma care: Fire and rescue aid services, prehospital care services, emergency departments, displacement, resuscitation and intensive care, surgical and medical departments, forensic medicine, and rehabilitation, including in neighboring departments. Various types of information are collected regarding the patient, the accident, the lesions, and outcomes. Each victim has a unique identification number. Victims or their families are asked whether it is necessary to supplement some missing data. The registry team is in charge of centralization, verification of the data from different sources about the same accident or victim, coding, storage and filing, and statistical analysis. The Abbreviated Injury Scale (AIS 90) was used to code all injuries (Association for the Advancement of Automotive Medicine 1990). The Maximum Abbreviated Injury Scale (MAIS) is the highest (maximum) immediate gravity score among all the injuries. The aims of this registry, used by the public services, are to improve knowledge of traffic accidents and to help decrease the number and gravity of these accidents.
Study design
We conducted an observational study from January 1 1996 to December 31, 2013. During this time frame, all victims with an abdominopelvic injury, including diaphragm and pelvic bone, were analyzed (AIS codes R = 5 for the abdomen, 4.4.06 for the diaphragm, and 8.5.26 + 8.5.28 + 8.5.30 for the pelvic bone). Several data were extracted and analyzed: Demographics (sex, age), characteristics of the accident (type of user, protection devices, antagonist, type of road, time), anatomical lesions, and elements of gravity (Injury Severity Score [ISS], AIS, mortality).
Statistical analysis
Statistical analyses were performed using Statistical Analysis System 9.4 (SAS Institute Inc., Cary, NC). A P value of .05 was used to define statistical significance. Chi-square test, or Fisher's exact test when the cell sizes were not large enough, was used to compare the equality of proportions. Logistic regression analysis was used to explain the presence of an API depending on different factors.
Results
Overall characteristics
During the time frame of the study, there were 204,227 forms collected, which were related to 143,027 accidents and a total of 162,695 victims. Of these victims, 10,165 presented with APIs (6.2%). Mean annual incidence of APIs was 565 victims (34/100,000 inhabitants in Rhône).
The mean age was 32.2 years; those aged 20-24 years were most frequently involved. Overall, 62.4% of APIs involved men (6,347 men and 3,815 women, ratio 1.7).
Almost half of the victims were car drivers (46%), and around one quarter were motorcyclists (24.7%), followed by pedestrians (12.8%), bicyclists (11%), and rarely other vehicles. The most common antagonist was a car (55.4%), followed by no antagonist (22.4%), fixed obstacle (9.3%), and truck or bus (8.2%).
Severe APIs (AIS 3+) involved 2,676 victims (26.3% of APIs and 1.6% of the whole registry). The mean ISS was 8.7 (24.6 for the AIS 3+ subgroup). The mortality rate for APIs was 5.6% (1.1% in the entire registry), with a majority of deaths occurring on scene (314 patients, 55.3%) or during the first 24 h (118 patients, 20.8%).
Concomitant injured body areas, frequencies, and AIS gravity are presented in Table 1 . The mean number of injuries was 2.5 per victim. The most frequently extra-abdominal-associated injured zones included lower limbs (with the exception of the pelvic bone), chest (with the exception of the diaphragm), upper limbs, head, and spine. Among the most severe AIS 4+ patients, chest was the most frequently involved (41%), followed by head (27%) and abdomen (21%). We found the same frequency for fatalities in our study when data were available due to a forensic examination or a postmortem computed tomography (CT) scan. In patients with both severe AIS 3+ cerebral and AIS 3+ abdominopelvic injuries, the mortality rate increased to 65%.
The majority of lesions were superficial ones, involving skin and soft tissues (n = 6,388; 54.4%). There were 2,322 pelvic bone injuries and 72 diaphragm injuries. Among the intra-abdominal lesions (n = 2,497; 21.3%), the large solid organs were the most commonly injured: spleen, liver, and kidneys ( Figure 1 ). Road user type had no significant impact on the distribution of most of the injured organs. On the other hand, injuries to external genitalia (n = 462; 3.9%) occurred almost exclusively among 2-wheeler drivers.
Impact of wearing a seat belt among car drivers
Among the car users (n = 4,675), 75.1% wore a seat belt, 12.1% did not, and this information was missing in 12.8%. Wearing a seat belt appeared to be protective against severe lesions: AIS 2 to 5 injuries and mortality were significantly higher among nonbelted victims.
Distribution of the injuries showed some differences depending on whether or not a seat belt was worn: Splenic, renal, pancreatic, adrenal, diaphragmatic, and retroperitoneal injuries were more frequent among nonbelted users, whereas differences for the other organs, including liver or hollow viscous injuries, were not significant.
Hospitalization in the intensive care unit for severe APIs
Among AIS 3+ severe APIs (n = 2,676), 1,537 people (57.4%) were admitted to the intensive care unit. During the past 2 years of our study (2012) (2013) , analysis of medical reports from the intensive care unit for AIS 3+ injuries (n = 181) revealed that 38 patients (21%) required a hemostatic surgical procedure, 19 (10.5%) had a radiological arterial embolization, and the majority (124, 68.5%) could be treated with nonoperative management.
Analysis of risk factors for APIs
A multivariate model was used to ensure that the interaction between all factors was taken into account (for example, motorcyclists are mostly men, whereas women are more often belted (Gadegbeku et al. 2006 ; Table 2 ). Victims of APIs were more often men (odds ratio [OR] = 1.111; P = .005). Compared to the reference group of 26-to 35-year-olds, children <15 years old were less affected (OR = 0.835; P = .006); whereas those older than 46 years old were increasingly more affected (P < .001 for each). Pedestrians and 2-wheeler users had greater risk compared to car drivers (OR > 2 with P < .001). The absence of obstacles was a protective factor (OR = 0.638; P < .001), whereas a fixed obstacle or a heavy goods vehicle was at higher risk than a car for antagonists (P < .001). Regarding the road type, compared to a city street, the risk of having an API was higher on a road (OR = 2.174; P < .001), not significant for a highway (P = .253), and lower for all other types such as a path, a parking area, etc. (OR = 0.838; P < .001). Analysis of the time of the accident revealed that there was a lower risk of API between 8 a.m. and 3 p.m.; on the other hand, the negative impact of nighttime from 8 p.m. to 7 a.m. was clear (P < .001).
A severe AIS 3+ injury to the thorax (excluding diaphragm), head (AIS 3+), or spine (AIS 2+) was a major risk factor of associated with API (all OR > 10; P < .001). Finally, not wearing a seat belt was also a significant risk factor (OR = 2.556; P < .001).
Discussion
Our study reveals a 6.2% incidence of abdominopelvic injuries within the whole registry. Other series in the literature reported higher rates, between 11 and 18%, but were either limited to inhospital series or included other causes of trauma, making them difficult to compare (American College of Surgeons Committee on Trauma [ACSCOT] 2016; Arumugam et al. 2015; Haddad 2015; Helmi et al. 2001 ). Cheynel et al. (2011) reported, in a series that also included prehospital care interventions, a 9.3% incidence. The Rhône Registry also collects data pertaining to untransported self-consulting patients, frequently with minor lesions. Moreover, our study commenced 20 years ago, radiological exams were not well organized, and abdominal lesions were probably often underdiagnosed, whereas the current systematization of total body CT scan allows a better detection and characterization of injuries. Finally, the Rhône department is a small and urban area, where the gravity of RTAs is less severe than in the rest of the country.
The incidence of APIs in the recent years of our study decreased to 24.5/100,000 inhabitants in 2013. At the same time, the overall incidence of RTAs has been continuously decreasing, due to French laws regarding speeding and driving under the influence of alcohol from the early 2000s, combined with advances in car engineering and road safety, similar to other countries (Ernstberger 2015) .
The predominance of young men constitutes constant data in road traffic accident registries, even if a shift toward an increase in the age of victims can be observed (ACSCOT 2016; Lapostolle et al. 2009 ).
The ISS was used to describe the severity of injuries. The new ISS (NISS), using the 3 most severe injuries regardless of body region, is a better predictor of survival and could have been adapted here to take into account the association of multiple abdominal injuries (Brenneman et al. 1998 ). According to the period of data collection, the ISS was the most easily available scale.
Abdominopelvic injuries are quite rare and also rarely severe, but our study confirms that they remain associated with a very significant mortality: 5.6% vs. 1.1% in the rest of the registry (P < .0001; Cheynel et al. 2011) . Mortality occurs mostly on scene and during the "golden hour, " which can be explained by uncontrollable hemorrhaging and severe head trauma. Only 10% of the mortality is related to APIs, after thoracic and head injuries. The association of severe cerebral and abdominopelvic injuries was associated with a mortality rate of 65%. This confirms the well-known deleterious combination of severe hemorrhage, such as severe abdominal injury, and a cranioencephalic injury (Cheynel et al. 2011; Haddad et al. 2015) . However, in this study, it was not possible to systematically identify the reason for death, which was mainly due either to cerebral injuries or to massive bleeding from the chest, abdomen, or pelvis. Because road traffic accidents are considered to be a cause of death in their own right, autopsies are rarely performed in France for such fatalities ). In those cases, anatomical injuries could be identified with an external physical examination only or a virtual forensic exam with a CT scan in hospitals where this protocol existed. Soft tissue injuries, poorly studied because of their frequent benignity, account for more than half of lesions. The pelvic bone, as reported by Haddad et al. (2015) , is the most frequently injured organ among APIs. Its overall incidence within the whole registry is 1.4%. Due to high-velocity trauma, which poses a high risk of associated lesions, fractures, or disruptions of the pelvic bone, is responsible for increased mortality (Sathy et al. 2009 ). As expected for blunt abdominal trauma, solid organs are the most frequently injured intra-abdominal organs: First the spleen and liver in similar proportions, followed by the kidneys (Arumugam et al. 2015; Cheynel et al. 2011; Haddad et al. 2015; Helmi et al. 2001) . External genitalia are relatively frequently involved (3.9% of all APIs), mostly among 2-wheeler drivers, and remain anecdotic among other drivers.
The seat belt is a protection device that contributes to decreasing the severity of road traffic accidents, and this study logically confirms its beneficial effect (Gadegbeku et al. 2010; Nash et al. 2016) . Not wearing a seat belt is not only an independent risk factor of having an API in the multivariate model, but, among victims of API, the seat belt is a protective factor against severe lesions and mortality. We observe a significant decrease in most internal solid organ injuries due to the absence of a seat belt but there is no increase in hollow viscus injuries, although commonly described in the literature (Nash et al. 2016; Sharma et al. 2009 ). Seat belt marks are not specifically documented in our registry but are anatomically included with the other abdominal cutaneous hematomas of the AIS scale. Thus, we could not study the relation between seat belt mark as such and APIs but only the relation between being restrained (with or without a seat belt sign) and APIs. This is reported as a sign of gravity, related to the violence of the accident, but it is not specific to hollow viscus injuries (Velhamos et al. 1999) .
In multivariate analysis, all factors in our analysis were significantly correlated with the risk of having an API. The type of vehicle or locomotion is the most determinant factor: 2-Wheelers and pedestrians are more exposed, probably due to less protection. No third party is a protective factor, in contrast to the kinetics added by an antagonist. A growing vulnerability with age also appears (Brasel and Nirula 2005) . The impact of place and time results in a maximum risk on a rural road, as well as at night, and may be related to the violence of impacts under possible conditions of high speed, frontal antagonists, and low visibility. The specific high risk linked to the male sex may be explained by a higher average speed or a greater risk behaviors (alcohol or narcotics); these factors are unfortunately not available in the registry (Martin et al. 2004 ). According to our study, the user who would be most protected against API is a belted woman driving a car during daytime on a city street, whereas an elderly pedestrian or a motorized 2-wheeler hitting a heavy vehicle at night on a rural road appears to be much more exposed to the occurrence of an API, keeping in mind that this is only a statistical association but that these might be proxy variables for other unrecorded variables, like speed, for instance.
For more than 20 years, the Rhône Registry has provided an exhaustive census of all victims of a traumatic injury after a traffic accident involving a means of locomotion and occurring on a road open to traffic. To our knowledge, this unique model has no equivalent at a national level or in Europe. In the United States, the National Trauma Data Bank is a national registry that is administered by the American College of Surgeons Committee on Trauma (ACSCOT 2016). It is the largest cohort in the world, with more than 7 million registered casualties (more than 861,000 inclusions in 2015), with data coming from 747 U.S. and Canadian volunteer trauma centers. The Rhône Registry does not suffer from hospital admission bias because it is based on the totality of the department's emergency and care services. It aims at completeness in both public and private hospital networks (Gadegbeku et al. 2006) . However, some victims may not be included. Completeness is estimated at 73% for minor and moderately wounded survivors and at 87% for seriously wounded survivors (Amoros et al. 2007 ). Police statistics, which are the basis of road safety studies, underestimate the number of victims injured in traffic accidents (Amoros et al. 2006 ). In addition, victims who directly consult a physician or take care of themselves are not recorded in the registry.
The information provided by the registry has some limitations. First, due to the medical source, it is not possible to assess detailed data about mechanisms such as velocity, rollover, impact direction, etc. Velocity and rollover were shown to be independently associated with the presence of abdominal injury (Brasel and Nirula 2005) , whereas the side of impact might induce significant differences in the type of injuries and outcomes (Charyk et al. 2013) . Alcohol, as well as other drugs, is another significant factor in RTAs that has been an important area for injury prevention efforts (Missoni et al. 2012) . These data are unfortunately not available in the registry but have been the subject of several parallel studies by our team (Martin et al. 2017) . Lastly, the main limitation may be the lack of directly available data regarding physiology and the management of trauma, which could have been informative and potentially relevant with severe hemorrhagic APIs (Cheynel et al. 2011; Haddad et al. 2015) . It was still possible to perform a partial analysis over the past 2 years, by searching records of patients with severe AIS 3+ APIs and admitted to an intensive care unit. This confirmed the importance of nonoperative management even for severe lesions, due to progress in radiology and intensive care.
However, the anatomical descriptions are based on information from several departments, enabling very precise and fine data aggregation. The size, completeness, and accuracy of the registry make it a reliable epidemiological tool, which is used by governments or industries to improve knowledge and the prevention of road traffic accidents.
Our study confirms that the incidence of APIs in RTAs is low, but that they are responsible for an increased mortality. The pelvic bone is frequently affected in more than one fifth of cases; spleen and liver are the most frequently injured organs, each one in more than one quarter of the cases. We did not find any increased risk of hollow viscus injuries due to the seat belt, which appears to be a significant protective factor for severe lesions. Our statistical analysis reveals that a belted female car driver during daytime in town could be the best protected against abdominopelvic injuries. Further information about physiology or treatment would be relevant in the future for a better comprehensive clinical approach to those injuries.
